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Biology
Change	a	
clinical	
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effect	size
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The	spectrum	of	pharmacogenetic	
research

Outline
• Principles	of	Clinical	Pharmacology	and	PGx
• What	have	we	learned	and	are	learning	from	
warfarin,	abacavir,	carbamazepine,	azathioprine…

• A	few	implementation	thoughts
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The	general	problem	of	variable	drug	
response



Rare	serious	adverse	drug	effects

Angioedema	(ACE	
inhibitors;	more	
common	with	

African	ancestry)

Myositis	(statins)

Severe	skin	
rash	(many)

Potential	fatal	
arrhythmia	(many)

Hemolytic	anemia	(antimalarials;	
more	common	with	African	

ancestry)

Intracerebral	
hemorrhage	

(many)





US	mortality	from	adverse	drug	
reactions

1998	estimate:
• 2.2	million	adverse	drug	
effects	in	hospitalized	
patients

• 106,000	deaths,	the	4th –
6th leading	cause	of	death	
in	the	US	

Lazarou	et	al
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• 2010:	no	evidence	of	
change	over	time

Landrigan	et	al



Daily	US	mortality	from	adverse	
drug	reactions



6.5%	of	all	admissions	associated	with	an	ADR

?20-30% have a 
prominent genetic 

etiology 



A	framework	to	analyze	variable	drug	actions
Is	there	a	consistent	relationship	among	dose,	
concentrations,	and	effects?		If	not,	why	not?	

dose

eliminated	
drug

plasma

molecular	
target

PK

PD



Relling and Evans, 1999



Pro-drug

Active
metabolite

Single	pathway	to	bioactivation:	
High-risk	pharmacokinetics

Poor metabolizer, 
inhibiting drug

• encainide
• clopidogrel
• tamoxifen
• codeine



Pro-drug

Active
metabolite

Narrow	therapeutic	index	+	Single	
pathway	to	elimination:	

High-risk	pharmacokinetics	(2)

excretory organ 
failure

Parent drug

Inactive
metabolite

• debrisoquine
• warfarin
• irinotecan
• azathioprine

Poor metabolizer, 
inhibiting drug

e.g. sotalol 
and renal 

failure



Aithal et al., Lancet 1999
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Multiple	gene	effect

The	warfarin	pathway
multiple other metabolites

(inactive)

S-warfarin R-warfarin
(weak)

7-OH warfarin
(inactive)

CYP2C9*2, *3: 
Coding 
region 

variants



Multiple	gene	effect

The	warfarin	pathway
multiple other metabolites

(inactive)

S-warfarin R-warfarin
(weak)

7-OH warfarin
(inactive)

CYP2C9 Multiple CYPs

Vitamin K
epoxide

Vitamin K
reduced

GGCX

EPHX1, CALU

VKORC1

*2, *3: 
Coding 
region 

variants

Common 
promoter 

haplotype that  
correlates with 
variable liver 
expression

inactive
CYP4F2



The	International	Warfarin	
Pharmacogenomics	Consortium

>5000 patients with 
genetic information 
and outcomes

• 55% Caucasian
• 10% African
• 31% Asian 



Average	weekly	warfarin	doses	for	
stable	INR



African

European

Asian

0% 50% 100%

African
European

Asian

CYP2C9

VKORC1

*1/*1
*1/*2, *1/*3
*2/*2, *2/*3
*3/*3

GG
AG
AA

CYP2C9	and	VKORC1	genotypes	
vary	by	ethnicity

AA: ↓dose 
GG: ↑dose



Comparing	dosing	algorithms
For	most	patients,	average	dosing	is	OK
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Harrington et al., 2008

Warfarin:	not	so	simple….	
Rare	variants	in	VKORC1	associated	with	high	dose	

requirements

dose requirement >20 mg/day 
AND serum warfarin >2.3

identified in 8/15 
Ashkenazi patients 

requiring >11 mg/day

May	2017:	231	non-
synonymous	variants	in	
VKORC1	in	gnomAD



RCTs	comparing	genotype-guided	vs	
conventional	dosing	for	warfarin

time	in	INR	range	during	drug	initiation

Kimmel	et	al,	2013 Pirmohamed	et	al,	2013



RCTs	comparing	genotype-guided	vs	
conventional	dosing	for	warfarin
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Kimmel	et	al,	2013



Bleeding	during	long-term	therapy

Kawai	et	
al.,	2014



Genetics	Informatics	warfarin	Trial	
(GIFT):	what	we	know

• 1650	patients	post	hip/knee	surgery	and	
receiving	warfarin	randomized	to	PGx	or	
conventional	guided	therapy.	INR	targets	
randomized	to	1.8	or	2.5	in	each	group.

• Composite	primary	outcome:	Major	bleeding	
at	30	days,	INR≥4	at	30	days,	death	within	30	
days,	VTE	within	60	days	of	surgery.	

• Genetics	beat	conventional:	10.8%	vs.	14.7%;	
RR	=	0.73;	95%	CI,	0.56-0.95



Added	value	of	PGx	(TPMT)	for	
azathioprine	in	IBD
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Coenen et al., Gastroenterology 2015

Secondary	analysis
TPMT	variant	carriers

Primary	analysis
ITT	all-comers

• conventional	=	378;	Intervention	=	405
• Intervention:	dose	adjustment	in	heterozygous	and	

homozygous	variant	carriers
• No	difference	in	disease	activity	across	groups

30/405 30/378

1/39 8/35intervention
conventional



The	Stevens-Johnson	syndrome
A	terrible	adverse	drug	reaction



Mallal et al., Lancet 2002

The	Stevens-Johnson	syndrome
A	terrible	and	predictable	adverse	drug	reaction



Mallal, Phillips et al., NEJM 2008

The	Stevens-Johnson	syndrome
A	terrible	and	predictable	and	preventable	adverse	

drug	reaction



Distribution	of	HLA-B*15:02



Distribution	of	HLA-A*31:01



The	Hong	Kong	carbamazepine	experience	
after	implementing	a	genetic	testing	policy	

• New	prescriptions	for	carbamazepine	fell	from	16.2%	
(10,077/62,056)	to	2.6%	(1,910/74,606)	(p	<	0.001)

• SJS/TEN	related	to	carbamazepine	fell	from	0.24%	
(20/8,284)	to	0%	(0/1,076;	p	=	0.027)

• Prescriptions	for	other	antiepileptic	drugs	increased.	
• SJS/TEN	induced	by	phenytoin	increased (0.15%	
[18/11,839]	vs	0.26%	[33/12,618],	p	=	0.058)

• Overall	incidence	of	SJS/TEN	remained	unchanged	
(0.09%	[42/45,832]	vs	0.07%	[39/55,326],	p	=	0.238).	

• Implementation	requires	education

Chen	et	al.,	Neurology	2014



Implementing	
pharmacogenetics

"Here's my sequence...”
New Yorker, 2000 Francis Collins, NEJM 9/16/2009



82	year	old	man	on	sotalol	for	paroxysmal	AF	
develops	renal	failure	and	torsades



There	is	no	
randomized	clinical	
trial	to	support	this	
recommendation



Genetic	data,	prediction,	and	
“actionability”



Hulot et al., 2006
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10464

2598

361

CYP2C19 genotypes	in	13,423	patients	
in	the	Vanderbilt	PREDICT	program

homozygous (2.7%)

heterozygous (19.4%)

no variant

(*2, *3, *4, *6, *8)



At least one high 
risk variant

At least one 
actionable variant

No actionable 
variants

91%

Frequency	of	actionable	genotypes	in	
the	first	10,000	PREDICT	patients	

Van Driest et al., 
CPT 2014





What	do	we	need?
• Comprehensive	biology
• Methods	to	identify,	accumulate,	and	study	outliers
• Accurate	tests;	functional	genomics
• Guidelines	on	how	to	use	test	results
• IT	infrastructure
• Data	on	efficacy	of	diverse	approaches:	point	of	care	
versus	panel/preemptive

• Education
• Medical	and	economic	outcomes
• Engaging	multiple	partners:	patients,	payers,	users,	
….


